(1) The occurrence of bacteria in living dental pulps.
(2) The presence and nature of the bacteria in the pulp cavities and dentinal tubules of dead teeth.
(3) The presence of organisms in cementumn.
(4) The presence of organisms in the periodontal membrane.
(5) The presence of organisms in the gum. (6) The presence of organisms in granulomata attached to dead or pyorrheeic teeth.
(7) The presence of organisms in the bone in cases of periodontal disease.
In addition to these points we determined to study the organisms found by cultural methods, and to endeavour to obtain evidence of infection by means of such pathological mnethods as complement fixation, opsonic indices, blood changes and agglutination. With regard to the examination of bone we have to express our thanks to Dr. Stebbing, of Lambeth Infirmary, who very kindly sent us portions of the jaws with teeth in situ, together with the stomach and adrenals in cases dying in the infirmary.
Technique.-With regard to the demonstration oforganisms, both in tissues and bones, we were met with the great difficulty at the outset that the ordinary methods of staining were most unsatisfactory for the work and frequently failed to show organisms at all. In addition to this the usual paraffin embedding processes were frequently found to be unsatisfactory for much of the work. Nearly the whole of the sectioning has been carried out by one or other of two methods, which, if properly performed, give extremely good results. Teeth, bones and tissues have usually been fixed by at once placing them in 10 per cent. formol-saline, or in Muller's fluid; they are then washed and cut with a freezing microtome, cherry gum being used as the infiltrating agent. The other method has been to treat with the cherry gum process described by Salkind in the Compt. rend. Soc. de Biol., 1916, lxxix, p. 811 . In either case the sections are mounted on slides very thinly coated with 1 per cent. gelatine, and are next exposed to formol vapour for about FIG. 1. one minute, and then placed in 10 per cent. formol. They are then washed and stained. With regard to the staining methods a modified Gram's method, using Nile blue sulphate, has been found to be the most generally useful. Nile blue was originally suggested to us by Dr. J. A. Murray, of the Imperial Cancer Research Fund, and after a good deal of experimenting we found it was very satisfactory when used as a Gram process. Sections are fixed and cut by the methods Already described, and are then stained for five minutes in dilute (1 in 10) carbol-fachsin. They are next washed in distilled water, and are stained for two to twenty-four hours in a 2 per cent. Nile blue solution and again washed. The preparations are then treated with Gram's iodine solution for ten minutes, washed in water and then very rapidly decolorized in alcohol-acetone (1 in 5) , cleared with xylol-phenol and mounted in balsam. An alternative method which has at times proved useful has been to stain for ten minutes in dilute carbol-fuchsin and then to wash well in water. The preparation is then stained for thirty minutes in 2 per cent. Nile blue, placed in carbol gentian violet for three minutes, and then in Lugol's iodine and decolorized in alcohol as in the ordinary Gram's method.
It is not proposed to give a detailed description of all the caseg examined as they run into many hundreds but to confine our attention to a selection of the most typical, and for this purpose we may take the arrangement referred to in describing the objects of the present research.
(1) Bacteria in Living Pulp.-The living pulp appears to become readily infected, such infection not-, necessarily being associated with caries in the ordinary acceptation of the term. Fig. 1 exemplifies this in a very striking manner. The preparation is from the pulp of a worn-down and stained bicuspid with chronic pyorrhoea which probably was not concerned in the pulp infection. The specimen shows a diphtheroid infection. A further case not here figured showed an iAfection by two distinct types of diphtheroids, a large type similar to the one figured in this case and measuring 3'5 u.to 4 , in length, and a small type measuring 2X2 , to 3 . in length. Other cases have shown mixed infections, diphtheroids, streptococci, and at times* spirochaetes and staphylococci. These mixed infections were always associated with caries to a greater or less extent. On at least one occasion the vessels ofthe pulp have been found to contain organisms-viz., diphtheroids and cocCi.
(2) Bacteria in Pulp Cavity anzd Dentinal Tubules.-That the dentinal tubules are frequently infected by way of the pulp cavity is certain. Fig. 2 shows a heavy infection of the pulp cavity by a diphtheroid, with direct extension into the dentinal tubules. While probably any organisms existing in the mouth can infect pulp, the organisms most usually associated with such dentinal infections seem to be comparatively few in number-viz., diphtheroids, cocci, and spirochwtes.
( the pulp cavity and tubules; (ii) through the periodontal membrane; and (iii) from surface caries. Fig. 3 shows an infection of the cementum by a streptococcus; in this case the periodontal membrane also showed infection, whilst the pulp and tubules were free. This -section seems to show that cementum can be infected from a living, but infected, periodontal membrane. We have no sections showing the actual invasion of cementum by bacteria by way of the dentinal tubules, but fig. 4 represents a section showing its near approach. caries of the cementum. There was a thick growth of bacteria on the surrounding cement surface. This layer of bacteria is always to be found on the denuded roots in pyorrhoeal pockets, and explains the difficulty of treating pyorrhoea without thorough cleaning of all such denuded roots. Fig. 6 shows this condition.
(4) Organisms in Periodontal Membrane. -Fig. 7 shows an infection of the periodontal membrane by a staphylococcus, whilst fig. 8 
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at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from have been obtained in two cases from infected gum tissue. In one, a chronic case, a diphtheroid was grown; in the other, an acute case with ulcerating gum edges, a short streptococcus, which in culture grew into long chains, was obtained. The diphtheroid could not be distinguished from the Bacillus septus (Bacillus coryza contagiosw), whilst the streptococcus gave all Gordon's metabolic tests for the Streptococcus pyogenes. The patient's serum gave marked complement fixation in the case of the diphtheroid, but we were unable to examine the patient's FIG. 9. blood in the case showing the streptococcus. Figs. 9, 10 and 11 illustrate these gum infections very well; fig. 9 shows a diphtheroid infection of the gum, and fig. 10 is from the case in which a diphtheroid was cultured. This case showed recurrent gastric crises, which were greatly benefited by extraction. Symptoms persisted to a certain extent, a fact which may perhaps be explained by our finding diphtheroids in the stomach wall in similar cases. Fig. 11 shows an infection of the gum with a spore-bearing organism. In this case the gum showed chronic fibrous thickening. There was no pocketing by destruction of the alveolar dental membrane, but only by swelling of the gum, and no ulcer was to be seen on the excised piece of gum. Apparently the bacteria gained entrance through a merely inflamed surface. Fig. 12 is taken from the gum flap overlying an erupting wisdom tooth in a man aged 48. This specimen shows dental sepsis at its earliest possible moment-i.e., just as the gum uncovers the tooth and leaves the crypts open to infection. This supplies the explanation of teething troubles. A pure diphtheroid infection is to be seen running FIG. 12. Low power. up the lymphatic spaces. An exceedingly interesting point in the majority of these infections is the entire absence of phagocytosis on the part of the tissues.
(6) Organisms in Granulomnata.-Sections of granulomata from the apices of teeth have invariably shown the presence of organisms. Fig. 13 shows the structure of the majority of such granulomata. Immense numbers of plasma cells together with fibrous tissue form the chief part. Polymorphonuclears and lymphocytes are only present in small numbers, and there appears to be little or no phagocytic reaction to the bacteria. Fig. 14 shows a granuloma infected with staphylococci, whilst fig. 15 shows a diphtheroid infection.
(7) Organisms in Bone.-Sections through the jaws with teeth in situ in cases of advanced pyorrhoea have shown the presence of organisms often in very large numbers in the bone, a striking fact being the presence of bacteria within the Haversian systems. In several cases of this nature the same organisms found in the bone-viz., diphtheroids FIG. 12 High power. A, lymphatic space. and cocci-have been found in the stomach wall, but the total number of such cases examined is not large enough to enable us to state that this condition is invariably present. (Sections exhibiting the condition were shown under the microscope.) Fig. 16 The foregoing cases will amply suffice to demonstrate the great importance of the mouth as a potential source of disease, although we have not presumed to draw any definite conclusions in the present incomplete state of the work.
